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Objective: To conduct a retrospective analysis on cases undergoing inspection of orthope-
dic  damage, at an orthopedic emergency service in a teaching hospital, with the aim of
evaluating patients with postoperative infection after conversion to internal osteosynthesis.
Methods: This was a retrospective analysis covering the period from June 2012 to June 2013,
on  patients who underwent inspection of orthopedic damage due to external ﬁxation and
subsequently were converted to deﬁnitive osteosynthesis using a nail or plate.
Results: We  found an infection rate of 13.3% in our sample and, furthermore, found that
there had been technical errors in setting up the ﬁxator in 60.4% of the cases.
Conclusion: We  found an infection rate that we considered high, along with inadequacies in
constructing the external ﬁxator. We  emphasize that this procedure is not risk-free and that
training for physicians who perform this procedure should be mandatory.
© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
Infecc¸ão  pós-operatória  nos  pacientes  submetidos  ao  controle  de  danos
ortopédicos  pela  ﬁxac¸ão externa
alavras-chave:
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Objetivo: Fazer uma análise retrospectiva de casos submetidos ao controle de danos
ortopédicos em um pronto socorro de ortopedia de hospital-escola com o objetivo deom infecc¸ão pós-operatória após serem convertidos para osteossínteseixadores externos avaliar os pacientes c
ixac¸ão interna de fraturas interna.
Métodos: Análise retrospectiva de pacientes de junho de 2012 a junho de 2013 submetidos ao
controle de danos ortopédicos com ﬁxador externo que posteriormente foram convertidos
para osteossíntese deﬁnitiva, com haste ou placa.
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Resultados: Encontramos uma taxa de infecc¸ão de 13,3% em nossa casuística e veriﬁcamos
erros técnicos na elaborac¸ão do ﬁxador em 60,4% das oportunidades.
Conclusão: Foi encontrada uma taxa de infecc¸ão que consideramos alta, assim como de
inadequac¸ões na confecc¸ão do ﬁxador externo. Salientamos que esse procedimento não é
isento de riscos e treinamento para médicos que o fazem deve ser obrigatório.
©  2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Todos os direitos reservados.Introduction
Damage control is the orthopedic surgical tactic established
in the literature that is indicated for multiple trauma patients
or those with severe soft-tissue injuries.1 However, this proce-
dure is not free from risks. Local and systemic complications
associated with external ﬁxation for damage control have
been reported2 and one of these is bone infection. Studies have
shown infection rates along the paths of the pins ranging from
0.5 to 30%.2,3
Bacterial contamination and infection along the path of the
pins of external ﬁxators are relatively common. Conversion to
internal osteosynthesis under such conditions, which could
involve use of intramedullary nails or plates, may give rise to
severe local and/or systemic complications.4 The frequency of
this association of events is unclear in the literature.3
The correlation between infection along the path of the
pins of external ﬁxators and post-traumatic osteomyelitis sub-
sequent to internal osteosynthesis, thus conﬁguring chronic
infection of the locomotor system, is well established.5,6
Infection of the bone–pin interface of the ﬁxator has been
proven to have a direct association with the insertion tech-
nique, with regard to the stability and positioning of the limb
during pin placement, given that this might give rise to tension
within the soft tissues. Presence of these factors contributes
toward infectious complications subsequent to conversion to
deﬁnitive internal osteosynthesis, irrespective of whether this
will involve an intramedullary nail or a plate.7,8
The aim of our study was to identify the quality of reduc-
tion and ﬁxation and the frequency of bone infection after
deﬁnitive treatment, among patients who were admitted to
an emergency service over a one-year period and underwent
musculoskeletal damage control.
Sample  and  methods
This study was duly submitted to and approved by our
institution’s ethics committee and was registered under the
committee’s protocol number 624.307.
Retrospective evaluations were made on 120 patients who
underwent external ﬁxation to control musculoskeletal dam-
age between June 2012 and June 2013, attended as emergencies
at the emergency service of our institution’s Department of
Orthopedics and Traumatology.
In this retrospective study, we  included patients who
underwent damage control surgery consisting of externalﬁxation and who, after conversion to deﬁnitive osteosynthe-
sis, evolved with infection.
Patients who presented infectious complications in the
presence of local and systemic alterations such as vasculopa-
thy, diabetes mellitus or consumptive disease, and patients
with psychiatric disorders that might have impaired the evo-
lution of the condition or care provided for the ﬁxator in some
manner, were excluded.
All the radiographs were generated in digital form and were
analyzed through the Impax software. The distances from
the oriﬁce and Schanz pins to the deﬁnitive synthesis were
analyzed within this software. We  sought to identify any pres-
ence of technical errors during the drilling (characterized by
multiple drilling), with subjective analysis conducted by three
different groups of two evaluators. One group was formed by
attending physicians with at least ﬁve years of experience in
orthopedic trauma; another group was formed by two third-
year residents and a third group was formed by two  residents
in the second year of orthopedics. The evaluators were named
as follows (Table 1):
- Evaluator 1: attending physician with more  than ﬁve years
of experience
- Evaluator 2: attending physician with more  than ﬁve years
of experience
- Evaluator 3: third-year resident
- Evaluator 4: third-year resident
- Evaluator 5: second-year resident
- Evaluator 6: second-year resident
Postoperative infection was characterized by means of a
clinical examination conducted during hospitalization or at an
outpatient investigation, from the data noted in the medical
ﬁles. The clinical criteria for infection were taken to be the
following: erythema, hyperemia or ﬁstula along the paths of
the pins or in the surgical incision (Fig. 1).
During the external ﬁxation, the holes drilled previously
using a bit were always respected and the pins were inserted
manually. None of the pins were in the zone of exposure of the
fracture.
In evaluating the radiographs, we observed the pre and
postoperative examinations and measured the positions of
the Schanz pins and their distances from the deﬁnitive syn-
thesis. We took the presence of drilled holes in numbers
greater than the number of pins installed to suggest that there
had been some difﬁculty and additional damage in installing
the external ﬁxator. We  also noted any presence of osteolysis
in the oriﬁces through which the Schanz pins were installed,
and whether the drill hole locations for the pins brought any
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Table 1 – Analysis on the cases by the group of evaluators.
Case Attending physician 1 Attending physician 2 R2a R2b R3a R3b
1 Inadequate Adequate Inadequate Inadequate Adequate Inadequate
2 Inadequate Adequate Inadequate Adequate Adequate Inadequate
3 Adequate Adequate Adequate Adequate Adequate Adequate
4 Inadequate Inadequate Inadequate Inadequate Inadequate Adequate
5 Inadequate Inadequate Inadequate Inadequate Inadequate Adequate
6 Adequate Adequate Inadequate Inadequate Adequate Inadequate
7 Inadequate Adequate Adequate Inadequate Inadequate Inadequate
8 Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
9 Inadequate Inadequate Inadequate Inadequate Inadequate Inadequate
10 Adequate Inadequate Inadequate Inadequate Adequate Inadequate
11 Inadequate Adequate Inadequate Inadequate Inadequate Inadequate
12 Inadequate Adequate Adequate Adequate Inadequate Inadequate
13 Adequate Adequate Inadequate Adequate Adequate Adequate
14 Adequate Adequate Adequate Adequate Adequate Adequate
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l15 Inadequate Adequate 
16 Inadequate Inadequate 
roblems for the deﬁnitive internal ﬁxation. Among these
roblems, we  noted any cases of surgery postponed because
f infection along the path of the pin, changes to the surgical
ncision for deﬁnitive osteosynthesis and unplanned surgical
rocedures for reassembling the ﬁxator because of an unstable
ssembly.
The mean time taken for conversion of the external ﬁxators
o deﬁnitive osteosynthesis was evaluated through retrospec-
ive analysis on the medical ﬁles.
esults
ut of the 120 patients who underwent damage control, 16
13.3%) suffered post-traumatic osteomyelitis after the deﬁni-
ive synthesis. Among these 16 patients, their condition could
e directly correlated with the deﬁnitive internal osteosyn-
hesis because there were no signs of local infection after the
xternal ﬁxation at the emergency service.
The mean age of these 16 patients was 43.4 years, with
 range from 19 to 81. We  noted that male patients predomi-
ated, comprising 13 patients (81.2%), and the remaining three
18.8%) were female.
Regarding the time taken for conversion of the external ﬁx-
tor to deﬁnitive osteosynthesis, the shortest period was ﬁve
ays and the longest was 30 days. The mean time taken for
he deﬁnitive conversion was 15 days.Infection occurred in eight cases of lower-leg fracture alone
50%), while two patients had fractures of the femur and ipsi-
ateral tibia (ﬂoating knee) (12.5%), two had fractures of the
Fig. 1 – Infection along the path of a Schanz pin.quate Inadequate Adequate Inadequate
quate Inadequate Adequate Inadequate
ankle (12.5%), two  had fractures of the tibial plateau (12.5%),
one had a fracture of the femur alone (6.2%) and one had a
fracture of the humerus (6.2%).
Among these 16 patients with post-traumatic infection,
37.5% of the cases (six patients) occurred after closed fractures
and 62.5% (10 patients) after exposed fractures of Gustilo grade
3A (Table 2).
In 10 patients (62.5%), the ﬁxator was assembled across the
joint, while it was monostotic with monolateral conﬁguration
in the other 6 patients (37.5%), with tube-to-tube connection.
Regarding the etiological agent, it was adequately identiﬁed
in 10 (62.5%) of the 16 infected patients. In one-third of these,
multiple bacteria were observed and surgery was required for
cleaning, debridement and curettage of the path from the
pin oriﬁce. The polymicrobial ﬁndings from the intraoperative
cultures were the following: Staphylococcus aureus,  coagulase-
negative Staphylococcus,  Klebsiella sp, Acinetobacter baumannii
and Pseudomonas aeruginosa.
Regarding the objective evaluations on multiple bone
drilling, we observed that there were more  drilled holes than
holes used for pins in eight patients (50%) of the 16 patients
presenting infection after the deﬁnitive osteosynthesis (Fig. 2).
From measuring the distance between the position of the
Schanz pin and the osteosynthesis, we  found a mean of
2.2 cm,  with a range up to 6 cm.  In seven cases (43.8%) among
the 16 infected cases, the distance measured was 0 cm,  two
were between 1 and 2 cm,  two were between 3 and 4 cm,  one
was between 4 and 5 cm,  three were 5 cm and one was 6 cm
(Table 2). Regarding the evaluation of the quality of the ﬁx-
ation and reduction, we observed that among the 16 cases,
the six evaluators agreed in four cases (25%), of two  cases
were considered to have adequate ﬁxation and the other two,
inadequate; ﬁve evaluators agreed in ﬁve cases (31.3%) with
regard to quality, among which two were considered ade-
quate and three, inadequate; four evaluators agreed in four
cases (25%) with regard to the evaluation, such that all these
four cases were considered inadequate; and in three cases
(18.7%) there was no agreement between the evaluators, such
that three considered that the ﬁxation and reduction were
adequate and three considered that these were inadequate
(Table 3).
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Table 2 – Distribution of the patients studied.
Name Sex Age Fracture location Gustilo External ﬁxator Pin
number
Distance from pin to
deﬁnitive synthesis
Presence of
multiple
drilled holes
Time taken
until
conversion
1 M 19 Lower leg 3A Transarticular over ankle 4 6 cm 30 days
2 M 73 Lower leg 3A Transarticular over knee 4 5 cm 14 days
3 M 43 Lower leg 3A Linear on lower leg 4 3.2 cm (locking screw) x 14 days
4 M 19 Lower leg 3A Linear on lower leg 4 1.5 cm (locking screw) x 6 days
5 M 36 Lower leg 3A Linear on lower leg 4 4.3 cm (locking screw) x 9 days
6 M 24 Femur 3A Tube-to-tube on femur 4 1 cm x 21 days
7 M 33 Humerus 3A Transarticular over elbow 4 0 x 10 days
8 M 24 Femur + lower leg 3A Transarticular over knee 8 0 5 days
9 M 56 Lower leg 3A Linear on lower leg 6 0 x 21 days
10 M 37 Plateau 0 Transarticular over knee 4 0 x 13 days
11 M 31 Femur + knee 3A Transarticular over knee 8 0 x 15 days
12 F 81 Ankle 0 Transarticular over ankle 4 0 15 days
13 F 71 Ankle 0 Transarticular over ankle 4 5 cm 6 days
14 M 25 Lower leg 0 Linear on lower leg 4 5 cm (locking screw) 10 days
15 F 74 Tibial diaphysis + ﬁbula 0 Transarticular over ankle 4 3.5 cm 21 days
16 M 49 Plateau 0 Transarticular over knee 4 0 10 days
Fig. 2 – Multiple drilling in a tube-to-tube ﬁxator assembly.
Table 4 – Analysis on cases according to evaluator.
Evaluator Number of adequate
cases (%)
Number of
inadequate cases (%)
1 5 (31.3) 11 (68.7)
2 10 (62.5) 6 (37.5)
3 9 (56.2) 7 (43.8)
4 5 (31.3) 11 (68.7)
5 4 (25) 12 (75)
Table 3 – Evaluation of the cases.
Number of evaluators Total number of cases (%) 
6 evaluators 4 (25) 
5 evaluators 5 (31.3) 
4 evaluators 4 (25) 
3 evaluators 3 (18.7) 6 5 (31.3) 11 (68.7)
Total 38 (39.6) 58 (60.4)
In 13 cases (81.2%) in which there was some agreement
(adequate or inadequate), the ﬁxation was considered ade-
quate in four cases (30.8%) and inadequate in nine cases
(69.2%).
In analyzing the evaluations, we had a total of 96 evalu-
ations. The ﬁxation was considered adequate in 38 of these
(39.6%) and inadequate in 58 (60.4%). In analyzing each evalu-
ator’s decisions, we found the following: for evaluator one, ﬁve
cases (31.3%) evaluated as adequate and 11 (68.7%) as inade-
quate; for evaluator two, 10 cases (62.5%) as adequate and six
(37.5%) as inadequate; for evaluator three, nine cases (56.2%) as
adequate and seven (43.8%) as inadequate; for evaluator four,
ﬁve cases (31.3%) as adequate and 11 (68.7%) as inadequate;
evaluator ﬁve, four cases (25%) as adequate and 12 (75%) as
inadequate; and evaluator six, ﬁve cases (31.3%) as adequate
and 11 (68.7%) as inadequate (Table 4).In evaluating the orthopedists with more  than ﬁve years of
experience alone, there were 32 evaluations, in which the ﬁx-
ation was considered adequate in 15 (46.9%) and inadequate
Number of adequate cases Number of inadequate cases
2 2
2 3
0 5
3 3
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Table 5 – Evaluation according to experience.
Evaluator Number of
adequate cases
(%)
Number of
inadequate cases
(%)
Attending physician 15 (46.9) 17 (53.1)
R3 14 (43.7) 18 (56.3)
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tion should always be discussed with the attending physician,R2 9 (28.1) 23 (71.9)
Total 38 (39.6) 58 (60.4)
n 17 (53.1%) (Table 4). In this group, there was agreement
egarding the quality of the ﬁxation and reduction in nine
ases (56.3%) and disagreement in the other seven cases
43.7%). Among the nine cases with agreement, the quality
f the reduction and ﬁxation was considered adequate in four
ases (44.4%) and inadequate in ﬁve (55.6%).
In evaluating the third-year residents alone, there were 32
valuations, in which the ﬁxation was considered adequate
n 14 (43.7%) and inadequate in 18 (56.3%) (Table 4). In this
roup, there was agreement regarding the quality of the ﬁx-
tion and reduction in nine cases (56.3%) and disagreement
n the other seven cases (43.7%). Among the nine cases with
greement, the quality of the reduction and ﬁxation was con-
idered adequate in four cases (44.4%) and inadequate in ﬁve
55.6%).
In evaluating the second-year residents alone, there were
2 evaluations, in which the ﬁxation was considered adequate
n nine (28.1%) and inadequate in 23 (71.9%) (Table 4). In this
roup, there was agreement regarding the quality of the ﬁx-
tion and reduction in 13 cases (81.3%) and disagreement in
he other three cases (18.7%). Among the 13 cases with agree-
ent, the quality of the reduction and ﬁxation was considered
dequate in three cases (23.1%) and inadequate in 10 (76.9%).
Among the evaluations in which the ﬁxation was consid-
red adequate, it could be seen that there was a tendency
oward similarity of evaluations between the attending
hysicians and the third-year residents, but fewer cases
ere considered adequate among the second-year residents
Table 5).
In comparing the cases in which there was agreement in
he evaluations between the attending physicians and the
hird-year residents, we observed that there was agreement
n ﬁve (31.3%) of the 16 cases, among which the reduction and
xation was considered adequate in three and inadequate in
wo. Among the other 11 cases, although the attending physi-
ians agreed in their evaluations in four cases, they did not
gree with the third-year residents: of these, the reduction and
xation were considered adequate by the attending physicians
n one case and inadequate in three cases.
In comparing the cases in which there was agreement in
he evaluations between the attending physicians and the
econd-year residents, we observed that this was seen in
even (77.8%) of the nine cases. Of these, the reduction and ﬁx-
tion were considered adequate in two cases and inadequate
n ﬁve cases. In one case in which the attending physicians
greed that the ﬁxation was adequate, the second-year resi-
ents considered that it was inadequate.In evaluating the seven cases in which there was no
greement between the attending physicians with more  than
ve years of experience, we  observed that in one case, the;5 0(6):625–630 629
residents (both third and second-year) also did not agree. In
four cases, the two evaluators who were third-year residents
also did not agree, while in three cases, the two  evaluators
who were third-year residents agreed, such that they both
considered that the reduction and ﬁxation were inadequate.
Among the seven cases in which the attending physicians
did not agree, the evaluators who were second-year residents
considered that the reduction and ﬁxation were adequate in
one case and inadequate in four.
Discussion
External ﬁxators, which are ﬁxation devices of greater ver-
satility that enable a variety of types of assembly and
conﬁguration, can be put in place quickly. They are applied
percutaneously to treat fractures in emergency situations so
as to control the damage with less damage to soft tissues.
This procedure, applied in both a provisional and a deﬁni-
tive manner, is still used routinely in many  hospital services.
It was found to be chosen by 32 to 89% of a group of orthope-
dists in a previous study.9 However, this procedure is not free
from risks.
In our sample, we  found that the frequency of infection
after using an external ﬁxator for damage control was 13.3%.
Although this rate is compatible with those in the literature,
which range from 0.5 to 30%,2,3 we are concerned about this
because we judge that this rate is very high among the possible
complications.
The ﬁrst issue to be borne in mind in seeking the etiol-
ogy of the infection is always the environment in which the
treatment takes place, which in our case was a teaching hos-
pital. There seems to be a weak correlation between cause and
effect, given that this procedure is considered to be one of low
complexity and there would be at least one physician with
three years of training in the surgical team.
Another factor that is involved in complications from infec-
tion after internal osteosynthesis is infection of the path of
the Schanz pins. Among our patients, presence of a clin-
ical suspicion of infection was an indication for changing
the pin installation to another location, or for continuing
the treatment with osteosynthesis by means of an external
ﬁxator.
The reduction and ﬁxation were considered to be inad-
equate in 60% of the evaluations. This proportion can be
considered to be very high: on average, the attending physi-
cians and third-year residents found that the reduction
and ﬁxation were adequate in only 50% of the evaluations.
This shows that there is a need for better teaching with
regard to treatments in emergency situations using external
ﬁxators.
External ﬁxation is often neglected in our setting, in rela-
tion to both the preoperative scheduling and the procedure
and subsequent care. In any procedure for external ﬁxation,
the future deﬁnitive synthesis should always be considered
in assembling the ﬁxator and placing the pins. This situa-in order to draw up a preoperative schedule with a view
to future synthesis, using either a plate or a nail. In our
study, in 43.8% of the cases, the location of the Schanz pin
p . 2 0 
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did not have any distance from the deﬁnitive osteosynthe-
sis.
The correct pin insertion technique and care with the
dressing and operative wound are essential for preventing
these complications.9,10 Predrilling, manual pin insertion and
use of a safety corridor are factors that cannot be forgotten
during the ﬁxation. Systematization of this intra and postop-
erative care is a factor that can be controlled by the physician
in order to inﬂuence the infection rate of the path of the
Schanz pins, for damage control.
In routine practice, the quality of the fracture reduction
is not so important in considering postoperative infection,
given that the use of external ﬁxation is temporary.8 How-
ever, in some situations in which the ﬁxator remains in place
for a prolonged period, this factor needs to be taken into
account. In our sample, the longest time that elapsed until
conversion was 30 days. Temporary reduction is important for
stabilizing the condition, and for local care and the general
condition.
In our cases, we observed that all of them presented a
safety corridor that was seen to be respected in analyzing
the radiographs (in our sample, no neurovascular lesions were
observed).
In order to identify the importance of the quality of the
installation and spatial assembly of the external ﬁxators, we
asked physicians with different lengths of training to judge
the quality of the assembly and to determine rates of technical
inadequacy from radiographs in the ﬁles. In our study, 60% of
the cases were considered to be technically inadequate, which
was a very high rate.
Regarding the frequency of bone infection after dam-
age control, we  found that among the 13% with infection,
occurrences of errors or technical inadequacies may have con-
tributed toward the undesirable outcome in 50%.
In considering the assemblies of the external ﬁxators, we
were unable to correlate the frequency of infection with any
given type of assembly. Transarticular assemblies, which are
used for meta-epiphyseal fractures, fractures of ipsilateral
bones and extensive soft-tissue lesions, in order to avoid post-
traumatic joint deformities, were the most prevalent type, in
62.5% of the cases.
Although it was not possible to correlate internal post-
osteosynthesis infection with the use of ﬁxators for damage
control, the presence of inadequacy of the assemblies that
were installed in the emergency service suggested that there
is a need for training and for rules for ﬁxator assembly and
use.
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Conclusion
Bone infection occurred in 13.3% of the cases treated
with musculoskeletal damage control followed by internal
osteosynthesis. In these cases, the reduction and ﬁxation were
considered adequate in 39.6% of the evaluations and inade-
quate in 60.4%. We  emphasize that this procedure is not free
from risk and that training for the physicians who  perform it
should be obligatory.
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